Introduction
The emergence of resistance to antimicrobial agents in a wide variety of pathogenic microorganisms is a worldwide problem. Existing evidence points to a direct relationship between use of drugs and prevalence of resistance to them. Mutations and acquisition of new genes, followed by selection of such resistant variants is thought to be the underlying mechanism. Resistance in major pathogens such as Neisseria gonorrhoeae, 2 Streptococcus pneumoniae, 3 Shigella species 4 and Salmonella typhi 5 has been reported for the first time from developing countries. In many of these countries, distribution of antimicrobials is not regulated and therefore they are available without prescription. This is thought to result in a high level of selfmedication and misuse. It has been postulated that the emergence of resistance in these countries is a direct reflection of this misuse based on over-the-counter availability. 6 Although these seem to be rational assumptions, scientific proof is difficult to obtain. This study provides data on the frequency of self-medication of antimicrobial agents and resistance patterns in Karachi, Pakistan, where drugs are available over-the-counter.
Methods
Information regarding antimicrobials used, indications and prescribers were obtained through a semi-structured interview. These interviews were held as house-to-house visits in three different socio-economic areas of Karachi. Essa Nagri is a poor area with unpaved footpaths and a partly open sewerage system. People live in families of several generations in one-or two-room apartments. Saddar is an area in which Karachiites of the social middle class live, mainly shopkeepers and traders. Karachi Development Association Scheme (KDA) is an area for the rich. They live in big houses usually in multi-generation family structures with one or more domestic workers, often as 'live in'. To determine whether the free availability of antimicrobial agents leads to misuse through self-medication, a house-to-house semi-structured interview was held in three different socio-economic areas of Karachi, Pakistan. Of the 2348 households visited, 1342 (57%) participated; this included 9209 individuals. Three hundred and twenty-two (3.5%) had used one or more antimicrobial in the previous 4 weeks, equivalent to 43 agents per 1000 persons per month. The most frequently used agents were amoxycillin (16.7%), co-trimoxazole (15.7%), erythromycin (10.9%), ampicillin/cloxacillin (Ampiclox, 9.1%) and metronidazole (4.5%). Of these, 91.4% were prescribed by a physician, 2.3% were advised by a chemist and 6.3% were used as self-medication. Self-medication increased with socio-economic status. High levels of resistance were found to ampicillin, co-trimoxazole, chloramphenicol and erythromycin. If these high resistance levels are related to the high frequency of antimicrobial use, over-the-counter availability cannot be held responsible. Education of the medical profession seems to be the single most important tool to control misuse of antimicrobial agents. Innovative approaches for continuous medical education are urgently needed.
Over
The interviews took place with one person out of each household with the help of an interpreter. People were asked whether any of the household members had taken antimicrobial agents in the previous 4 weeks and, if answered in the affirmative, to show these. This was supported by questions regarding possible infectious diseases among household members and naming of examples of antimicrobials. If use of an antimicrobial was identified, the indication, mode of administration and prescriber were determined. In addition, the number of people in the household, their gender and age distribution were noted.
Data regarding susceptibility patterns of organisms were obtained from the clinical microbiology laboratory of Aga Khan University Hospital, which receives samples from all over Karachi through a system of specimen collection points distributed all over the city. These data included all strains on which susceptibility testing was performed within the six study months. Tests were performed by means of the Kirby Bauer disc diffusion test. 7 The WHONET program was used for data management. Penicillin and amoxycillin resistance of Staphylococcus aureus, Haemophilus influenzae and Moraxella catarrhalis were also tested by -lactamase detection (Nitrocefin). Penicillin resistance in S. pneumoniae was confirmed by MIC determination. The laboratory participates in the College of American Pathologists (CAP) quality control programme.
Results
Of the 2348 households visited, 1342 (57%) participated in the survey. These 1342 households covered a total population of 9209 people, approximately 0.001% of the Karachi population. Table I shows the distribution over the three different areas as well as a breakdown in gender and age groups. There was an inverse relationship between willingness to participate in the interview and socio-economic status of the area. There were no significant differences in population characteristics between the three areas apart from a higher percentage of children in Essa Nagri.
Three hundred and twenty-two (3.5%) of the 9209 participating persons had used one or more antimicrobial agents in the previous 4 weeks. The majority (82.6%) had used one, but 13.7% had used two, 3.7% three and 0.6% four agents. This accounts for 43 antimicrobial agents per 1000 persons per month. There were no differences between the three areas. The validity of the interview results regarding the agents used was verified by inspecting the packages of 78% of all agents. The 322 patients used 53 different agents of which eight were formulations in which two or three compounds were combined. The antimicrobials used most frequently were amoxycillin (16.7%), co-trimoxazole (15.7%), erythromycin (10.9%), ampicillin/cloxacillin (9.1%) and metronidazole (4.5%). Although differences between the three areas did exist regarding the order of most frequently used agents, these formed the top five in all three areas. Table II shows the major indications for each of the five most frequently used agents. All but metronidazole were used most frequently for respiratory tract infections. Oral drugs were taken in 85.6% of cases, 12.7% were used topically and only 1% was used as injection. The duration of treatment varied from 1 to more than 40 days, but 44% of agents were taken for a period exceeding 14 days. In 17.7% of cases treatment was taken until the patient felt they had recovered. In 12.6%, reliable information regarding duration of treatment could not be obtained. Table III shows on whose authority drugs were taken in the different areas. A total of 91.4% were used based on prescription by a physician or surgeon and in only a minority was this based on the advice of a chemist or another non-medical person (2.3%) or the patient's own initiative (6.3%). Table IV gives an overview of the resistance shown by major pathogens of community-acquired infections for antimicrobials relevant to the treatment of such infections. The Figure compares the percentage of resistance of relevant organisms with the percentage of drugs used. 
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Discussion
The main aim of this study was to test the hypothesis that over-the-counter availability of antimicrobials leads to self-medication and misuse and that this in turn results in high levels of resistance amongst community-acquired pathogens. This was tested in the setting of Karachi, a big city in a developing country where drugs are available in chemist stores without prescription. The study involved a semi-structured interview of households in three different socio-economic areas. A Medline search over the period 1966 to November 1995 revealed five studies on selfmedication with antimicrobial agents for all indications in developing countries. Three of these 8 -1 0 were community-based; the other two 11, 12 studied hospital admissions. Two of the community-based studies used interviews with pharmacy clients 8, 9 and only one study (in Mexico City) used household visits. 10 Of these, the household-based study reported self-medication in 19% of patients, but in the other studies this was greater than 50%.
The conclusion from our community-based study is that over-the-counter availability of antimicrobial agents does not result in self-medication by default. The vast majority (91%) of antimicrobial agents used in Karachi were taken on the advice of a physician or surgeon. This leaves a percentage of self-medication of 9%, which is even lower than in the Mexican study. 10 The area with the highest socio-economic status had a smaller percentage of participating households. As self-medication was more prevalent in this area, a higher participation rate could have resulted in a higher overall percentage of self-medication. However, most of the inhabitants of Karachi live under circumstances comparable to those of the lowest socioeconomic class. Therefore, we believe that our results are a reasonable reflection of the situation in this city.
The wide variety of antimicrobials used reflects the free-market situation in countries like Pakistan. These compounds are available through chemist stores only and cost is independent of the availability of a prescription. Furthermore, prices are not regulated and follow freemarket developments. Fortunately, due to the high prices of the more recently developed compounds, the use of most of these drugs was limited to less than 1% of all medications.
A striking feature of this study was the use of more than one antimicrobial by almost 20% of patients. Combination therapy in most parts of the world is restricted to hospitalized patients, because community-acquired infections usually respond to single drug treatment. The reason for these multi-drug prescriptions in Karachi is likely to be the uncertainty of the doctor regarding the disease to be treated.
The number of antimicrobial agents per 1000 persons per month was almost twice as high as in a study performed in The Netherlands. 13 This could at least partly be related to the fact that infections cause higher morbidity in developing countries than in industrialized countries. However, indiscriminate prescription seems to play a role as well; 10% of prescriptions were given for fever of unidentified origin and 30% of all antimicrobials were used for respiratory tract infections. This last indication is thought to be the one for which antimicrobial agents are misused most frequently worldwide.
14 Table IV shows a high percentage of resistance for most of the cheap older drugs. These resistance patterns are likely to be a reasonable reflection of the situation in Karachi because the Aga Khan University Hospital runs a commercial laboratory service for which pick-up points for specimens have been set up throughout the city. On the other hand, this has made it impossible to differentiate between isolates of the same species causing community-acquired or hospital-acquired infection. Relatives of patients hospitalized elsewhere than the Aga Khan University Hospital bring specimens to these collection points. The forms accompanying the specimens are usually incomplete. The absence of resistance to cloxacillin is likely to result from the fact that methicillinresistant S. aureus has not yet spread in the local community. 15 Data for metronidazole are not available because of the lack of appropriate anaerobic bacteriology, but resistance is unlikely. 16 The high percentage of chloramphenicol resistance in the absence of substantial use is probably the result of its frequent use in this part of the world before reports of chloramphenicol resistance in S. typhi. 17 A worrying observation is the high percentage of quinolone resistance (Table IV) which seems to be unrelated to frequency of use (Figure) . However, this could be the result of some bias in the susceptibility data because the Aga Khan University Hospital runs a prominent urology clinic, resulting in frequently repeated specimens of a small group of patients who receive regular antimicrobial treatment, including quinolones. The absence of a control community in which drugs are available on prescription only, makes it impossible to draw a firm conclusion regarding the relation between over-the-counter availability and resistance levels. However, because of its low prevalence, it seems unlikely that self-prescription plays an important role in the development of resistance in Karachi. The high percentage (44%) of patients taking antimicrobials for more than two weeks could be a major factor as prolonged treatment can lead to selection of resistant variants. 1 Resistance to the most frequently prescribed drugs, ampicillin/amoxycillin and co-trimoxazole, is prevalent amongst Enterobacteriaceae and, if infection with such an organism occurs, the chances of failure are very high. Nevertheless, these are still prescribed because of their relatively low price. However, frequency of treatment failure seems not to be high enough to change prescribing habits. This supports the view that many of these antimicrobial courses are not indicated.
In conclusion, antimicrobial resistance is widespread among potentially community-acquired pathogens in Karachi, Pakistan. Self-medication initiated by over-thecounter availability of drugs is unlikely to be a major factor. Control of the use and misuse of antimicrobial agents is a complicated issue, especially in developing countries. 18 However, as in the industrialized world 19 education of the medical profession regarding the use of antimicrobial agents seems to be the single most important tool in avoiding further development of resistance through misuse. This has not been successful to date and innovative approaches to achieve this goal are urgently needed.
